The present study was undertaken to clarify the strain differences between ICR and BALB/c mice and sex differences in ICR mice in the sequential changes by the photic damage to the Harderian gland and the
The Harderian gland, part of the ocular appara tus, was first identified in the orbit of the deer in 1694 by Harder. It is present in various mammals other than humans, is tubuloalveolar with wide lumina, and secretes lipid by a merocrine mechanism1. It is usually regarded as a source of protection and lubrica tion for the eyes, but its exact nature is as yet enigmatic2,3. The red fluorescence of the glands, indicating the presence of porphyrins, was first obser ved by Derrien porphyrin than those of male mice, and both sexes of this strain show higher levels of Harderian gland porphyrin than both sexes of BALB/c mice. There are no reports on strain and sex differences of the photic damage to the Harderian gland and the corre lation with porphyrin content in mice.
In the present study, we histologically examined the photic damage to the Harderian glands in both sexes of ICR mice and males of BALB/c mice and correlated the results with the porphyrin contents in the Harderian glands. 
Materials and Methods

Animals
Allocation of animals
Sixty four male and forty female ICR mice were randomly divided into 4 groups (three light-exposure groups and a control group) of 16 each in males and 10 each in females. Twenty male BALB/c mice were divided for the same treatments into four groups of five each. In addition, 7 untreated males of each strain and 7 untreated ICR females were used for the determination of porphyrin content in the Harderian gland, and 10 untreated males of each strain and 10 untreated ICR females were used for the photo hemolytic activity assay of the Harderian gland homogenates.
Light exposure
White fluorescent light, 40 W (FLR, Toshiba Co. Ltd.), with a spectral range of 380 to 700 nm (peak at 580 nm) was used. The light intensity was 3,000 lux at the bottom of the cage. Light intensity was measured by a portable illuminator (Type 3281, Yokogawa Electro Ware Co. Ltd., Osaka). The animals were exposed to light for 12 hr a day between 7:00 and 19:00 for 2, 4, or 8 days. Control animals were unexposed to light.
Histopathology
The Harderian glands and the eyes were removed roughly 24 hr after the last exposure period, fixed in a mixture of 3.0% neutral buffered glutaraldehyde and 2.5% formalin, embedded in paraffin, and stained with hematoxylin aand eosin (H & E). The lesions were scored at follow: Score 0; no changes, Score 1; minimally scattered changes in a few acini, Score 2; moderate changes in several acini, Score 3; severe and diffuse changes throughout numerous acini. 
Determination of fluorescence
Quantitative analysis of intraluminal porphyrin accretions
Measurements of the imtraluminal porphyrin accretion areas per gland were performed on HE stained sections of the Harderian glands in male ICR mice with a color image analyzer (model CIA 102, Olympus Co., Tokyo), allowing measurement on a color TV monitor. The data were expressed as area ratios (%).
BrdU immunohistochemistry
Six animals from the control group and each exposed group of male ICR mice were used for BrdU immunohistochemical examination to assess the proliferative activity of the Harderian glands on exposure to light. 5-Bromo-2'-deoxyuridine (BrdU) (Sigma Chemicals) was dissolved in 20% dimethylsulfoxide in 0.9% saline. Animals were intraperitoneally injected with BrdU at 2mg/20g body weight at one hour before sacrifice. The Harderian glands were removed and fixed in 10% phosphate buffered formalin. Tissues were routinely processed and the thin sections were immunohisto chemically stained by means of mouse anti-BrdU monoclonal antibody (Bu20a DAKO A/S Denmark) and Histofine SAB-PO (M) kit (Nichirei, Tokyo). BrdU-labeled cells were counted per 500 glandular cells in the damaged acini with exception of squamous metaplasia areas. The data were expressed as BrdU labeling indices (%). 
Determination of porphyrin content
Results
Hirtopathology
Time-dependent changes of the Harderian glands on exposure to high intensity fluorescent light are shown in Fig. 1 . The basic damage was similar in both strain, but there was a marked difference in the extent of the photic damage between ICR and BALB/c mice, but no prominent sex difference in ICR mice. The lachrymal glands and the retina remained unchanged throughout the exposure period. Day 0: The alveoli were lined by glandular cells with abundant and fine secretory vacuoles. The glandular structures exhibited no strain variability. The intraluminal porphyrin accretions were scattered throughout the gland in both sexes of ICR mice, but they were scarcely visible in BALE/c mice (Fig. 2) . Day 2: The glandular cells showed necrosis, irregular shape changes such as squamatization or protrusion into the lumina. The damaged acinar structures became obscure and the lumina were filled with cellular debris. The changes were associated with slight edema and infiltration of neutrophils and macrophages into the interstitium. The glandular lumina were extensively dilated with the secretions and were lined with flattened glandular cells. The photic damage to the Harderian glands was observed in restricted areas just behind the eyes in both strains, but ICR mice showed extensive and diffuse necrosis of the glandular cells ( Fig. 3) and BALB/c mice showed sparsely scattered necrosis of glandular cells ( Fig. 4) , that is, the changes were more severe in ICR mice than in BALB/c mice, and there was no sex Day 8: The glandular necrosis was much im proved and it was restricted to only a small area just behind the eyes. The regenerative changes and infiltration of neutrophils, appearance of macro phages and occasional lymphocytes in ICR mice were the same as on day 4. The dilated glandular lumina observed on days 2 and 4 were either much reduced or resolved (Fig. 5) . In BALB/c mice, the regenerative changes were relatively weak.
Fluorescence microscopy
The glandular cells emitted red fluorescence and quenched rapidly when frozen sections of the Harder ian glands were exposed to ultraviolet light. The fluorescence intensity showed a marked strain difference. ICR mice emitted deep red fluorescence in the acini, especially in those containing the pig ment concretions within the lumina (Fig. 6a ). BALB/c mice exhibited little fluorescence (Fig. 6b) . On exposure to light for 2 days, the fluorescence in both sexes was slightly less intense in the necrotic acini and the surroundings showing the luminal dilation. After exposure for 4 days, the fluorescence almost completely faded in the acini which had been degenerated by light exposure. It was less intense in the acini far from the eyes than it was in control mice ( Fig. 6c ). Table 2 . On day 0, it was scarcely visible and very low. On day 2, it was remarkably elevated in the damaged acini of the gland just behind the eye. After expo- 
Quantitative analysis of intraluminal porphyrin accretions
Determination of the Harderian gland porphyrin content
The porphyrin content in Harderian glands is shown in Table 3 . The content in BALB/c mice was very low, while in both sexes of ICR mice it was high-equivalent to approximately 70 times of those in BALB/c mice. There was no statistically significant Significantly different from BALB/c mice by **P<0.01 and ***P<0.001.
sex difference in the porphyrin content of ICR mice.
Photohemolytic activity assay
The Harderian gland homogenate from both sexes of ICR mice showed marked hemolytic activity, macroscopically comparable to that of distilled water. The amount of hemolysis caused by glands from ICR mice was 76% for males and 87% for females. The homogenates from BALB/c mice induced only 3.2% hemolysis. No hemolysis was observed in the sam ples protected from light and in the saline light exposed control samples.
Discussion
Exposure of mice to high intensity fluorescent light for 2 days induced Harderian gland damage characterized by degeneration and necrosis of the glandular cells and an inflammatory reaction. After exposure for 4 days, the glandular necrosis was much decreased in association with an increase of BrdU uptake and squamous metaplasia. The changes were remarkably more extensive in both sexes of ICR mice than in BALB/c males. The Harderian glands were highly affected in regions just behind the eyes, which indicate that the damage is directly due to a radia tion-dependent mechanism. Strum et al.10 reported that continuous light exposure damaged the Harder ian gland of albino mice and that the glandular cells underwent squamous metaplasia.
Frozen sections of the Harderian glands emitted red fluorescence under ultraviolet light, indicating the presence of porphyrins. The fluorescence was clearly stronger in ICR mice than in BALB/c mice. Brown pigment concretions within the glandular lumina is thought to consist mainly of porphyrins18, 19 . The mouse Harderian gland shows strain variation in porphyrin content. Early studies by Figge11 demon strated that the red fluorescence of the glands in mice of different strains vary in intensity, and quantitative studies confirmed these findings [12] [13] [14] [15] 20 In our study, the fluorescence observations were in agreement with the determination of porphyrin content and the intraluminal porphyrin accretions in the Harderian gland. The strain difference in the porphyrin con tent between ICR and BALB/c mice was consistent with the report of Shirama et al.14, but ICR mice in the present study showed no sex difference. After exposure to light for 4 days, the fluorescence of the glands in ICR mice almost completely faded in the damaged acini just behind the eyes, and it was slightly less intense in the surrounding acini with accelerated secretion. These fluorescence observations were in agreement with decrease of intraluminal porphyrin accretions. This recovery was probably due to a decrease in porphyrin biosynthesis or sequestration in the glands on exposure to light. There are some reports of decreased porphyrin contents following exposure to continuous high intensity light in rats20-22 and mice10. Hugo et al. 23 reported increased por phyrin secretion into the third eyelids and decreased porphyrin contents in the glands after light exposure.
In the present study, Harderian gland homogenates induced marked hemolysis in rabbit erythrocytes on exposure to sunlight. Porphyrins are known to be a photodynamic sensitizer as shown in porphyria6. The photohemolytic reaction is due to the integration of the hydrophobic protoporphyrin into the lipid bilayer of the erythrocyte membranes, followed by the disruption of the membrane caused by enhanced photodynamic action17,24. The photo hemolytic activity in the present study indicates that the cellular damage may indeed have been due to the photodynamic action of Harderian gland porphyrins. The extent of hemolysis was remarkably higher in ICR mice than in BALB/c mice. The porphyrin content (x) in each strain highly correlated with total scores (y) of the photic damage to the glands on day 2 (y=0.013x+4.13, r=0.975), day 4 (y=0.014+3.10, r=0.922), and day 8 (y=0.012+0.94, r=0.983), respectively. The extent of damage also correlated with the observed fluorescence and the photo hemolytic activity. The photosensitivity of the Har derian glands seemed to be due to the porphyrins present in the gland, that is to say, high intensity light damaged the gland secondary to the photodynamic action of of porphyrins. The reversal of photic damage may have been due to a light-induced decrease of porphyrins in the damaged acini, followed by loss of photosensitivity of the glandular cells.
It is known that retinal degeneration occurs in albino rats exposed to high intensity light for a brief period25-27 and in mice, retinal changes have been reported in long-term studies.
Light intensity at the cage shelf level is considered an important factor28, but we have found no reports on experimentally induced-retinal degeneration in mice. No retinal degeneration was observed despite light exposure at 3,000 lux in the study. This may be because the retinas of mice are more resistant than those of rats to high intensity light.
In conclusion, we found a marked difference in fluorescent-light-induced damage to the Harderian glands in 2 strains of mice, and the damage tended to reverse during the prolonged exposure period. These results closely correlated with the Harderian gland porphyrin content. The damage may be caused by photodynamic action of the photosensitive porphyr ins and occurs readily in rodents that have porphyrins in their Harderian gland. The rodent Harderian gland, therefore, may be a useful porphyria model and a system for examining scavengers or quenchers of a photosensitizer.
